Evidence for electron transfer-dependent formation of a nitrogenase iron protein-molybdenum-iron protein tight complex. The role of aspartate 39.
Nitrogenase-catalyzed substrate reduction reactions require the association of the iron (Fe) protein and the molybdenum-iron (MoFe) protein, electron transfer from the Fe protein to the MoFe protein coupled to the hydrolysis of MgATP, followed by protein-protein complex dissociation. This work examines the role of MgATP hydrolysis and electron transfer in the dissociation of the Fe protein-MoFe protein complex. Alteration of aspartate 39 to asparagine (D39N) in the nucleotide binding site of Azotobacter vinelandii Fe protein by site-directed mutagenesis resulted in an Fe protein-MoFe protein complex that did not dissociate after electron transfer. While the D39N Fe protein-MoFe protein complex was inactive in all substrate reduction reactions, the complex catalyzed both reductant-dependent and reductant-independent MgATP hydrolysis. Once docked to the MoFe protein, the D39N Fe protein was found to transfer one electron to the MoFe protein requiring MgATP hydrolysis, with an apparent first order rate constant of 0.02 s-1 compared with 140 s-1 for the wild-type Fe protein. Only following electron transfer to the MoFe protein did the D39N Fe protein form a tight complex with the MoFe protein, with no detectable dissociation rate. This was in contrast with the dissociation rate constant of the wild-type Fe protein from the MoFe protein following electron transfer of 5 s-1. Chemically oxidized D39N Fe protein with MgADP-bound did not form a tight complex with the MoFe protein, showing a dissociation rate similar to chemically oxidized wild-type Fe protein (3 s-1 for D39N Fe protein and 6 s-1 for wild-type Fe protein). These results suggest that electron transfer from the Fe protein to the MoFe protein within the protein-protein complex normally induces conformational changes which increase the affinity of the Fe protein for the MoFe protein. A model is presented in which Asp-39 participates in a nucleotide signal transduction pathway involved in component protein-protein dissociation.